The ability to successfully exercise has been used to assess the cardiopulmonary risk of thoracotomy for lung cancer. Because of musculoskeletal, neurologic, peripheral vascular, or behavioral problems, not all patients presenting for pulmonary resection are capable of exercising. Using a multifactorial cardiopulmonary risk index (CPRI) consisting of a cardiac risk index (CRI) and a pulmonary risk index, we studied 74 patients (60 capable of exercising and 14 incapable of exercising) who underwent thoracotomy for lung cancer resection. The groups were similar in reference to history of pulmonary disease, preoperative pulmonary function, and pulmonary risk index score. The no-exercise patients were more likely to have a history of cardiac disease (64 vs 28%; p <0.01) and had a higher CRI score (2. 
three died (38%). Using multiple logistic regression analysis, both the CPRI score and the inability to exercise were independently associated with increased risk for POCs. We conclude that patients unable to perform even minimal preoperative exercise are at substantially increased risk for morbidity and mortality after lung resection. This results both from greater identifiable preoperative cardiopulmonary risk factors (as assessed by the CPRI) and from an independent effect related to the inability to exercise.
( We recently showed that a multifactorial cardiopulmonary risk index (CPRI), based on routinely available clinical information, could be used to predict postoperative complications in patients undergoing resection for lung cancer. 13 Preoperative assessment using such an index may be useful in predicting risk in patients incapable of preoperative exercise testing. These patients may suffer increased complications because they have more preoperative cardiopulmonary illness. Alternatively, noncardiopulmonary disease leading to an inability to exercise may represent an additional and independent risk factor.
METHODS

Patient Selection
We prospectively evaluated all 74 patients (71 men, 3 42 of these patients previously has been reported.13 The 14 patients that could not perform a cardiopulmonary exercise test on a bicycle ergometer were limited because of significant musculoskeletal disease (7 patients), neurologic disease (3 patients), peripheral vascular disease (3 patients), or psychiatric disease (1 patient). In four patients, severe knee osteoarthritis (1 patient), chronic back pain and lower extremity weakness after lumbar disc surgery (1 patient), cervical and lumbar spondylosis with nerve impingement syndrome and lower extremity weakness (1 patient), and schizophrenia and inability to follow test instructions (1 patient), a test was attempted but could not be successfully performed because of an inability to pedal at 60 revolutions per minute during unloaded cycling. Of the ten patients who did not attempt cycle ergometry, four unequivocally could not have performed the test: two patients were wheelchairbound with hemiparesis after a previous cerebrovascular accident; one patient had severe rheumatoid arthritis with pain on minimal lower extremity movement; and, one had severe peripheral vascular disease with pain at rest. In the remaining six patients, chronic back pain and lower extremity arthritis (2 patients), degenerative hip disease and severe gouty arthritis (1 patient), Shy-Drager syndrome with orthostatic hypotension (1 patient), and peripheral vascular disease with exercise claudication (2 patients), the pulmonary physiology team determined that exercise testing would be limited by noncardiopulmonary factors and thus an exercise test was not performed.
Preoperative spirometry and lung volumes were determined using American Thoracic Society guidelines. Maximal voluntary ventilation was measured in 59 patients and single-breath diffusing capacity for carbon monoxide was determined in 58 patients. All patients undergoing exercise testing gave informed consent for the exercise protocol as approved by the Institutional Review Board. Patients were selected for surgery using customary pulmonary function and split perfusion scan test results.'4 No patient was denied surgery on the basis of an inability to exercise or on the results of a completed exercise test.
Clinical Risk Stratification
We utilized a CPRI generated from prospectively gathered preoperative clinical data as detailed in a previous communication. 13 Briefly, this index is derived by combining a cardiac risk index (CRI, modeled after Goldman et a'15) and a pulmonary risk index (PRI). The CRI is obtained by adding points (in parentheses) for the presence of jugular venous distension, third heart sound or left ventricular ejection fraction (LVEF) of 40% or less (11) , myocardial infarction within 6 months of surgery (10) , greater than 5 premature ventricular contractions per minute on any ECG (7), age greater than 70 years (5), significant aortic stenosis (3) , rhythm other than sinus or premature atrial contractions on preoperative ECG (5) , and poor general medical condition (3) . These points are summed to yield a CRI score assigned: 1 (0 to 5 points), 2 (6 to 12 points), 3 (13 to 25 points), and 4 (>26 points). To assess pulmonary risk, one point was assigned for the presence of each of the following: obesity (body mass index >-27 kg/M2); tobacco use within 8 weeks of surgery; productive cough noted within 5 days of surgery; diffuse wheezing or rhonchi noted on physical examination within five days of surgery; FEV1/forced vital capacity less than 70%; and PaCO2 greater than 45 mm Hg. The PRI score (0 to 6 points) is added to the CRI score (1 to 4 points) to generate a CPRI score (1 to 10 points).
Preoperative Cardiovascular Assessment
Eleven of the 14 patients in the no-exercise group underwent cardiovascular evaluation with an echocardiogram or gated blood pool scan (2 patients), persantine thallium stress test (4 patients) or both (5 patients). One patient had an LVEF of 40% or less. Two patients had reversible, ischemic defects on stress testing. One of these was thought not to require further investigation, while the other underwent cardiac catheterization, revealing noncritical stenoses for which medical therapy alone was recommended. In the exercise group, 13 patients underwent preoperative echocardiogram or gated blood pool scan, 3 patients had cardiac stress testing, and 6 patients had both. Six patients had an LVEF of 40% or less. Two patients had reversible, ischemic changes on stress testing. One of these was believed not to require further investigation, while the other patient underwent catherization, revealing noncritical stenoses.
Postoperative Complications
Postoperative complications were determined by careful review of the hospital record including physician, nursing, and respiratory therapy progress notes, flow sheets, laboratory studies, microbiologic results, ECGs, and chest radiographs. We defined 30-day postoperative complications as in previous studies of lung resection (Table 1) .
Statistical Analysis
Independent Student's t tests were used to analyze continuous variables. The x2 analysis, with a two-tailed Fisher's exact test, was used for categorical variables. The predictive ability of the risk index was tested by dividing patients into two groups, CPRI of 4 or more and CPRI less than 4. The predictive ability of bicycle ergometry was analyzed by dividing the patients into those who were capable of exercising (n=60) and those who were incapable of exercising (n= 14). The risk of postoperative complications was evaluated by x2 analysis. Multiple logistic regression analysis was used to estimate the ability of the risk index and the capability of exercising to predict complications after lung resection. A standardized logistic coefficient (f) and odds ratios (where appropriate) were calculated for the independent variables of CPRI and exercise capability. A probability value of less than 0.05 was considered significant. All values are expressed as the mean ± SEM.
RESULTS
The no-exercise group was slightly older and more likely to have underlying cardiac and musculoskeletal disease (Table 2 ). Preoperative spirometry, lung volumes, diffusion capacity, and maximal voluntary ventilation were comparable between the groups (Table 3) .
When individual pulmonary and cardiac risk profile factors were analyzed, no differences were Figure 1 shows how the ability or inability to exercise influenced postoperative morbidity and mortality after the patients were stratified using the CPRI score. Inability to exercise in those with a CPRI of 4 or more was associated with 100% morbidity and 37.5% mortality. Using a multiple logistic regression analysis model, both the CPRI score and the inability to exercise were independently associated with increased risk for postoperative complications (Table  6 ). This independent effect of exercise capability was seen only for cardiac and not for pulmonary complications. Because exercise testing was theoretically possible in six of the patients in the no-exercise group, the aforementioned data were reanalyzed excluding these patients. When the remaining eight no-exercise group patients were compared with the 60 exercise group patients, no differences were found in age, weight, pulmonary function tests, or arterial blood gas values. Pulmonary (5 of 8; p=0.10), cardiac (6 of 8; p <0.01), and muskuloskeletal disease (4 of 8; p <0.01) were more common in the eight no-exercise group patients. Six of the eight no-exercise patients underwent preoperative cardiac evaluation with an echocardiogram (1 patient), persantine-thallium stress test (3 patients), or both (2 patients). When compared with the exercise group, there was no difference in any individual pulmonary or cardiac risk variable, PRI, type of resection performed, anesthesia time, presence of a pulmonary artery catheter or any hemodynamic parameter obtained. The eight no-exercise group patients had a higher CRI (2.5 + 0.2; p <0.0001) and CPRI (4.6 ±0.4; p <0.01). Seven of these eight patients had a CPRI score of 4 or greater.
Postoperative complications occurred in all eight (100%; p <0.001 vs exercise group) of the no-exercise patients (6 with both pulmonary and cardiac complications, 1 with cardiac, 1 with pulmonary), and three died (37.5%; p <0.01 vs exercise group). The eight no-exercise patients spent nearly three times as long in the surgical ICU as the exercise patients (11.6 ±2 days; p <0.01). As with the multiple logistic regression analysis prior to adjusting the no-exercise group, both the CPRI and exercise capability were independent predictors of increased risk for total cardiopulmonary complications (CPRI, /=0.52, p <0.0001; no-exercise, /=0.22, p <0.05) and for cardiac complications (CPRI, 3=0.26, p <0.05; noexercise, ,3=0.40, p <0.001). Similarly, the independent effect of exercise capability was not seen for pulmonary complications (CPRI, 3=0.51, p <0.0001; no-exercise, 3=0.12, p >0.20).
DISCUSSION
The main findings of this study are that an inability to perform an exercise test predicts increased cardiopulmonary morbidity and mortality after lung resection. This remains true even after controlling for comprehensive clinical risk assessment. This study extends our previous observations that a CPRI score of 4 or more predicts increased postoperative complications, both for those capable and those incapable of successfully performing an exercise test. Combining an elevated risk index score with an inability to exercise predicted a high likelihood of postoperative morbidity and mortality.
Pulmonary resection remains the most effective therapy for non-small cell lung cancer but is associated with significant morbidity and mortality. Efforts to mimic the cardiopulmonary stress of the perioperative period and thus foretell postoperative com- Gerson et al'1920 made similar observations in studying 277 patients older than 65 years who underwent abdominal (248 patients) or noncardiac thoracic (29 patients) surgery. Using a multiple logistic model including the Goldman index and the Dripps index, they found the most important predictor of cardiac and pulmonary complications was the inability to perform 2 min of supine bicycle exercise while raising the heart rate to greater than 99 beats per minute. The reasons for exercise limitation, impaired joint mobility, muscle weakness or amputation, arthritis or leg pain, claudication, dementia, or the inability to follow instructions, were similar to the factors observed in our study.
Patients incapable of exercising may be at increased risk because of severe underlying cardiopulmonary disease. Such disease goes unrecognized preoperatively because exercise and cardiopulmonary stress are limited by noncardiopulmonary factors, only to become obvious during the stress of the perioperative state. Although the no-exercise group did have significant identifiable preoperative cardiopulmonary disease, the magnitude and severity of these may still have been underestimated. The observed independent effect of exercise capability on cardiac complications suggests that this was indeed the case. Alternatively, exercise-limiting noncardiopulmonary factors may independently contribute to postoperative risk. Exercise testing measures not only cardiopulmonary fitness but also nonphysiologic factors, such as determination, perseverance, and willingness to cooperate.4 Patients incapable of exercising may not be able to follow instructions or cooperate by following postoperative care plans. Any potential inability to adhere to the postoperative regimen may go unnoticed in those in whom exercise testing cannot be attempted. If this were the case, we would have expected an independent effect of exercise capability on pulmonary complications. An inability to cooperate by following postoperative care plans or a low threshold for tolerance of discomfort could be associated with an increased incidence of postoperative complications. Patients with poor pulmonary toilet may develop hypoxemia and an increased work of breathing which might not lead to full-blown pulmonary complications but could precipitate an arrhythmia or congestive heart failure. Although not specifically examined in this study, such patients may be more likely to receive potentially arrhythmogenic nebulized bronchodilators and theophylline or vasoactive narcotics, phenothiazines, or benzodiazepines.
Our study can be criticized because the performance of a cycle ergometry test was theoretically possible in 6 of the 14 patients in the no-exercise group. Importantly, reanalysis of the data excluding these six patients did not significantly alter the results. In fact, such an adjustment results in a 100% morbidity and 37.5% mortality rate in the eight remaining no-exercise patients. With this reanalysis, exercise capability was a stronger predictor of cardiac complications than the CPRI. In addition, the eight noexercise patients had a statistically significant higher mean CPRI score, suggesting greater underlying identifiable cardiopulmonary disease in these patients.
In conclusion, our study confirms the previous observation that patients unable to perform even minimal preoperative exercise are at substantially increased risk for morbidity and mortality after lung resection for lung cancer. This in part results from the greater number of identifiable preoperative cardiopulmonary risk factors present in these patients. In addition, there is an independent effect related to the inability to exercise. Such incapacity may hinder the ability to fully detect the severity of underlying cardiopulmonary disease. Alternatively, the factors that preclude exercise testing, neurologic, musculoskeletal, peripheral vascular disease, and psychiatric disease, may interfere with successful postoperative care and predispose to postoperative complications.
